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(54) FUEL ASSEMBLY FOR A NUCLEAR POWER PLANT, METHOD FOR ACTIVATING A MATERIAL 
TO BE ACTIVATED AND GRIPPER

(57) The present invention relates to a gripper for
pulling out one or more elements out of a hollow rod of
a fuel assembly (1), the gripper comprising:
a tube (62, 120) with a distal end (64, 124) and a proximal
end (66, 122), wherein the proximal end (66, 122) is
adapted to be connected to a manipulator arm, wherein
the distal end (64, 124) comprises an opening area (128)
forming a plane (D) being oblique with respect to a plane
(P) orthogonal to the longitudinal axis (Y) of the tube (62,
120), wherein
the tube (62, 120) is further provided with at least one
rectilinear slit extending in longitudinal direction of the
tube (62, 120).



EP 4 459 635 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention concerns a fuel assembly
for a nuclear power plant, the fuel assembly comprising
at least one hollow rod, the hollow rod being a control
rod guide tube of the fuel assembly for the control rod
assembly or an instrumentation tube, each hollow rod is
adapted to be filled with one or more containers filled with
material to be activated.
[0002] Further, the present invention concerns a meth-
od for neutron or gamma irradiation of a specimen (called
activating) a material to be activated.
[0003] There is a need for isotopes worldwide. Exper-
imental and research reactors can only produce a small
quantity of isotopes, further more most of them are old
and will reach the end of their lifetime soon.
[0004] CN112117021 A discloses a system for radio-
nuclide production, in particular high-quality carbon. A
plurality of target tubes are arranged in the target rod,
the target tubes are sequentially arranged in series along
the axis of the target rod.
[0005] CN 105 244 069 A relates to a system compris-
ing a hollow cladding tube comprising a plurality of tar-
gets.
[0006] EP 2 120 241 B1 discloses a fuel rod assembly
comprising at least one irradiation target retention device,
adapted to fit into a nuclear fuel rod
Object of the invention, is to provide alternative means
for irradiating targets in a pressurized water reactor.
[0007] According to one aspect, a fuel assembly for a
nuclear power plant is provided, the fuel assembly com-
prising at least one hollow rod, the hollow rod being a
control rod guide tube of the fuel assembly for the control
rod assembly or an instrumentation tube, each rod is
adapted to be filled with one or more containers filled with
material to be activated, wherein the fuel assembly fur-
ther comprises a damping element at the lower end of
the hollow rod.
[0008] Further embodiments may relate to one or more
of the following features, which may be combined in any
technical feasible combination:

• the hollow rod is closed by a finger of a flow restrictor
at a top end of the hollow rod;

• the damping element is adjacent to a bottom of the
hollow rod;

• one or more second damping elements are provided,
in particular at the top of the one or more containers
and/or between two adjacent containers;

• the damping element is a mechanical damping ele-
ment in particular a helical spring, a leaf spring and/or
a group of disc springs;

• the damping element is hollow, wherein, in particular,
the damping element has an opening extending
along the longitudinal axis of the hollow rod;

• the hollow rod has an opening at its bottom, wherein
in particular the opening of the bottom of the hollow
rod is aligned with the opening of the damping ele-

ment;
• the fuel assembly further comprises the one or more

containers with the material to be activated, wherein
a gap is provided between the material to be activat-
ed and the inner surface of the container;

• the material to be activated has a hollow body;
• the material to be activated is sintered, casted and/or

alloyed;
• the outer shape of the material to be activated has

a star-shape in a plane orthogonal to the longitudinal
axis of the container;

• the material to be activated is Cobalt, Strontium-90
and/or Iodine; and/or

• the hollow rod is perforated at its circumference;
• the fuel assembly further comprises at least one in-

termediate element, the intermediate element hav-
ing an outer diameter being greater than the diam-
eter of the one or more containers, wherein the at
least one intermediate element is arranged between
two adjacent containers and/or wherein at least one
intermediate element is arrangement between the
damping element and the closest container towards
the damping element;

• the fuel assembly comprises at least two groups of
containers, wherein at least one group of containers
is arranged between two intermediate elements;
wherein each group of containers comprises a plu-
rality of containers; and/or

• the damping element, in particular an upper end, of
the damping element, has an outer diameter being
greater or smaller than the external diameter of the
one or more containers.

[0009] According to another aspect, a method is pro-
vided for activating a material to be activated in a nuclear
reactor, comprising the following steps

- providing a fuel assembly for a nuclear power plant,
the fuel assembly comprising at least one hollow rod,
the hollow rod being a control rod guide tube of the
fuel assembly for the control rod assembly or an in-
strumentation tube;

- providing a plurality of containers with material to be
activated;

- inserting one or more damping elements into the hol-
low rod;

- inserting one or more containers with material to be
activated into the hollow rod;

- closing the hollow rod at its upper end;
- loading the fuel assembly into a nuclear reactor ves-

sel; and
- operating the nuclear reactor for a predetermined

time

[0010] Further embodiments may relate to one or more
of the following features, which may be combined in any
technical feasible combination:
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• the containers are filled into the hollow rod one after
the other independently from each other;

• the method further comprises inserting into the hol-
low rod at least one intermediate element, the inter-
mediate element having an outer diameter being
greater or smaller than the diameter of the one or
more containers, wherein the at least one interme-
diate element is inserted between two containers
and/or wherein at least one intermediate element is
inserted before the first container;

• between two intermediate elements a plurality of
containers is inserted into the hollow rod; and/or

• the method further comprises removing the fuel as-
sembles from the nuclear reactor vessel; and dis-
charging the containers from the hollow rod by push-
ing the containers out of the hollow rod, turning the
fuel assembly upside down, and/or by using a grip-
per, wherein, in particular, the gripper attaches to
one of the intermediate elements and/or the damping
element in order to pull out of the hollow rod the con-
tainers arranged above the intermediate element or
damping element to which the gripper is attached;
and/or

• the gripper attaches to the intermediate elements by
a friction fit, wherein in particular, when the gripper
is inserted in the hollow rod the gripper is rotated
about its longitudinal axis Y.

[0011] According to another aspect, a gripper is pro-
vided for pulling out one or more elements out of a hollow
rod of a fuel assembly, the gripper comprising:
a tube with a distal end and a proximal end, wherein the
proximal end is adapted to be connected to a manipulator
arm, wherein the distal end comprises an opening area
forming a plane being oblique with respect to a plane
orthogonal to the longitudinal axis of the tube, wherein
the tube is further provided with at least one rectilinear
slit extending in longitudinal direction of the tube.
[0012] Further embodiments may relate to one or more
of the following features, which may be combined in any
technical feasible combination:

• the gripper further comprises a pusher, the pusher
being arranged within the tube and movable along
the longitudinal axis of the tube, wherein the pusher
is adapted to release the elements by pushing them
out of the distal end of the tube;

• the at least one slit extends from the opening area,
in particular from a position at the opening area that
is the closest to the proximal end of the tube;

• the wherein the slit has a length of between 5mm to
200mm, in particular between 20mm and 80mm, for
example about 40mm; and/or

• the opening area at the distal end forming the plane
has an angle α of between 10 and 60 degrees with
respect to the plane orthogonal to the longitudinal
axis of the tube, in particular between 12 and 18 de-
grees.

[0013] According to another aspect, a gripper is meth-
od provided for pulling out one or more elements out of
a hollow rod of a fuel assembly with a gripper according
to one of the embodiments disclosed herein, the method
comprising:

inserting the gripper into the hollow rod comprising
the one or more elements; rotating the gripper about
its longitudinal axis, in particular when the gripper
hits one of the one or more elements; and
pulling the gripper out of the hollow rod.

[0014] Further embodiments may relate to one or more
of the following features, which may be combined in any
technical feasible combination:

• Method for pulling out one or more elements accord-
ing to claim 28, wherein the gripper is rotated about
its longitudinal axis Y, in particular when the gripper
hits the lowest one of the one or more elements.

• Method for pulling out one or more elements accord-
ing to claim 28, further comprising pushing the one
or more elements out of the gripper by a pusher being
arranged within the tube of the gripper.

[0015] Further advantages, features, aspects and de-
tails are evident from the dependent claims, the descrip-
tion and the drawings.
[0016] The accompanying drawings relate to embodi-
ments of the invention and are described in the following:

Fig. 1 shows schematically a perspective view of a
fuel assembly for a nuclear power plant;
Fig. 2 shows a side view of a flow restrictor;
Fig. 3 shows a top view of the device of the flow
restrictor of Figure 2;
Fig. 4 shows schematically a cross section of a fuel
assembly;
Fig. 5 shows schematically an embodiment a rod of
a fuel assembly;
Fig. 6 shows schematically another embodiment of
a rod of a fuel assembly;
Fig. 7 shows schematically a container;
Fig. 8 shows a flow chart of a method according to
an embodiment;
Fig. 9 shows schematically a gripper according to an
embodiment;
Fig. 10 shows schematically a gripper, which is in-
serted into a hollow rod;
Figs. 11a - h shows schematically the discharging
of a hollow rod with a gripper; and
Figs 12a and 12b show a further embodiment of a
gripper.

[0017] Fig. 1 shows schematically a perspective view
of a fuel assembly 1 for a nuclear power plant. The nu-
clear power plant is used for generating electricity in
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which as a heat source a nuclear reactor is used. The
nuclear power plant includes a nuclear reactor vessel in
which a plurality of fuel assemblies 1 are arranged. The
plurality of fuel assemblies represent the reactor core of
the nuclear power plant. For example between 100 and
300 fuel assemblies are arranged in a nuclear reactor
vessel of a PWR (pressurized water reactor)Nuclear re-
actor vessels of BWRs (boiling water reactors) include
up to 1000 fuel assemblies and SMR (small modular re-
actors) include less than 100 fuel assemblies.
[0018] The term "lower" "upper" "top" "bottom" are
used with respect to the usual arrangement of a fuel as-
sembly 1 within the reactor of a nuclear power plant, as
shown in Figure 1. In special cases the fuel assemblies
can be horizontally arranged, that means the geometry
would be rotated by 90°.
[0019] Further, a primary cooling e.g. by water circuit
is connected to the nuclear reactor vessel, which trans-
ports the heat generated by the fuel assemblies 1 during
operation to a heat exchanger and/or to a turbine. There
are several types of nuclear power plants, in particular
pressurized water reactors and boiling water reactors.
[0020] The fuel assembly 1 has a longitudinal axis X,
in which the fuel assembly 1 extends.
[0021] The fuel assembly 1 shown in figure 1 is used
to group a plurality of fuel rods. The fuel assembly 1 has,
in a plane orthogonal to the longitudinal axis X a sub-
stantial rectangular shape. According to embodiments,
a fuel assembly 1 has a typical length between 2 m and
6 m. In other embodiments, the fuel assembly may have
also other shapes a plane orthogonal to the longitudinal
axis X, for example hexagonal shapes.
[0022] In some embodiments, the fuel assembly 1
comprises a bottom end piece 3. For example, the bottom
end piece forms a plurality of nozzles. The nozzles are
provided to distribute the fluid flow in a regular manner.
[0023] Further, the fuel assembly 1 includes a top end
piece 5. The top end piece 5 is provided to carry the fuel
assembly 1. Further, the top end piece 5 can act as a
plurality of nozzles for the cooling fluid of the primary
cooling water circuit.
[0024] For example, a fuel assembly 1 includes plural-
ity fuels rods 7, which extend in parallel to the longitudinal
axis. The fuel rods 7 are spaced in a regular pattern. In
the embodiment shown in Figure 1, the fuel rods 7 are
arranged in a pattern 17x17. In other embodiments, the
fuel assembly 1 may include fuel rods 7 in a pattern of
e.g. 14 x 14. The fuel rods may have, from the top view,
a square shape or a hexagonal shape.
[0025] The fuel assembly 1 further includes one or
more control rod guide tubes 9 for control rods. The con-
trol rod guide tubes 9 for the control rods are provided at
specific positions within the fuel assembly 1. The control
rod guide tubes 9 extend in parallel to the longitudinal
axis X. For example, a fuel assembly may have between
10 and 30 control rod guide tubes 9.
[0026] The control rod guide tubes 9 are fixed to the
bottom end piece 3 and the top end piece 5.

[0027] The control rod guide tubes 9, together with the
top end piece 5 and the bottom end piece 3 and some
distance pieces the skeleton of the fuel assembly 1. The
fuel rods 7 are hold by the distance pieces. For example,
the distance pieces can include some spring elements
for holding the fuel rods 7. Further, also the top end piece
can include the springs in order to hold down the fuel
assembly, as during the operation of the nuclear power
plant the water flow in the upward direction is rather
strong.
[0028] If control rods are inserted into the control rod
guide tubes 9 of the fuel assembly 1, these control rods
are moved together. These control rods are therefore
arranged in a rod cluster control assembly (RCCA).
[0029] Not all fuel assemblies are provided with a RC-
CA. Some fuel assemblies have a Rod Cluster Control
Assembly (RCCA) and some not. In the following, the
Rod Cluster Control Assembly is also called control rod
assembly.
[0030] All the fuel assemblies in the nuclear core
should have similar thermohydraulic properties. For con-
trol rod guide tubes 9 not used for control rods, the control
rod guide tubes 9 can temporary plugged by a so called
flow restrictor as it will be explained here below. By this,
the thermohydraulic properties in all guide tubes are sim-
ilar.
[0031] Figure 2 shows in a sectional side view an em-
bodiment of a flow restrictor 20 for a fuel assembly 1 of
a nuclear power plant. Figure 3 shows a top view of the
flow restrictor 20. The flow restrictor 20 includes at its
upper end a coupling piece 22. The coupling piece 22 is
provided in order to move the flow restrictor 20 into and
out of the fuel assembly 1. The device 20 has the similar
longitudinal axis X as the fuel assembly 1.
[0032] Further, the device 20 includes a plate 24 form-
ing a plurality of arms 26. The arms are rigidly connected
to the coupling piece 22. From each arm 26, one or more
fingers 28 extend in parallel to the longitudinal axis X.
For example, two fingers 28 extend from each arm 26 in
parallel to the longitudinal axis X. The number of fingers
depend on the design of the fuel assembly 1. For exam-
ple, the device 20 may include between 15 and 30 fingers.
The lower side of the plate 24 is provided to be placed
on the top end piece 5 of the fuel assembly 1. The fingers
extend through the top end piece 5 into the control rod
guide tubes 9. In other words, the length of the fingers
28 depend on the dimensions of the fuel assembly 1.
[0033] For example, in an embodiment, the fingers
have a length of at least 20 cm.
[0034] According to an embodiment, the fingers 28
have a length adapted to extend at least 15 cm into a
control rod guide tube 9, when the device 20 is fully in-
serted into the fuel assembly 1. In an example, the fingers
have a lengths adapted to extend 25 cm into the control
rod guide tubes 9, when the device 20 is fully inserted
into the fuel assembly 1. Under fully inserted it is meant
that the plate 24 is positioned on the top end piece 5 of
the fuel assembly. In such a case, the device 20 is not
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able to move forward further downward. According to em-
bodiments, the device is hold down by a spring 29 to
ensure that it does not move during operation of the nu-
clear reactor. By this, it blocks coolant flow.
[0035] The plurality of arms 26, and in particular the
coupling piece 22 and/or the fingers 28 form a flow re-
strictor in order to (hydraulically) simulate a missing RC-
CA. According to embodiments, the flow restrictor has
the shape of a control rod assembly upper portion. The
flow restrictor, in particular the coupling piece 22, the
fingers 28 and/or the arms 26 are made of zirconium or
stainless steel or equivalent material allowed for reactor
operation.
[0036] In an embodiment, the coupling piece 22 in-
cludes a spring 29. The spring 29 is provided to fix the
device 20 within the fuel assembly 1.
[0037] Fig. 4 shows schematically a cross section of a
fuel assembly 1 according to an embodiment. The same
elements are designated with same reference numbers
as in the previous figures. In Fig. 4 only a single control
rod guide tubes 9 is shown, however as shown with re-
spect to Figure 1, a fuel assembly may include more con-
trol rod guide tubes 9.
[0038] The control rod guide tube 9 has an upper end
30 and a lower end 32. At the lower end 32 is the bottom
34 of the control rod guide tube 9.
[0039] The top of the control rod guide tube 9 is closed
by a finger 28, in particular during the operation of the
nuclear reactor, which extends into the control rod guide
tubes 9. A damping element 36 is arranged at the bottom
34 of the control rod guide tube 9.
[0040] Between the damping element 36 and the fin-
gers 28 of the flow restrictor a plurality of containers 38
are arranged within the control rod guide tube 9. The
containers 38 are not fixed or connected with respect to
each other. For example, the containers 38 could be in-
serted one after the other or independently from each
other into the control rod guide tube 9. Further, the con-
tainers 38 can move freely within the control rod guide
tube 9. In some embodiments, as discussed below, two
or more containers may be grouped.
[0041] The containers 38 contain a material to be ac-
tivated. The material to be activated within the container
38 may be in a solid, liquid or gaseous state or an inter-
mediate state.
[0042] For example, the material to be activated is Co-
balt (Co), Strontium-90 (as fission product from U-235),
Iodine, etc..
[0043] The material to be activated can be a pure ma-
terial or a blend of materials. For example, aluminum can
be used as a blend material. In case of solid state mate-
rial, the material can be solid, hollow material, sintered
material or powder. In some embodiments, the material
to be activated may be stacked with fill material, in order
to control the activation process of the material to be ac-
tivated.
[0044] According to embodiments, the containers 38
have a length of between 5cm and 80cm, in particular

between 10cm and 50cm.
[0045] The damping element 36 is in particular adapted
to compensate the swelling of the containers 38 due to
temperature and/or radiation or gaseous release.
[0046] Alternatively, instead of or additionally to the
control rod guide tubes 9 an instrumentation tube may
be used for filling therein the containers 38. Such instru-
mentation tubes also extend in parallel to the longitudinal
axis X within the fuel assembly 1. A fuel assembly has
for example between up to 5 instrumentation tubes, in
particular up to 3 instrumentation tubes. The instrumen-
tation tubes may have approximately the same lengths
as the control rod guide tubes. They are provided in the
fuel assembly 1 for guiding instrumentation fingers in the
reactor core.
[0047] The control rod guide tubes and/or instrumen-
tation tubes are fixed to the fuel assembly 1.
[0048] In the following, the control rod guide tubes or
the instrumentation tube may be also commonly denom-
inated as hollow rod.
[0049] The control rod guide tubes 9 and/or the instru-
mentation guide tubes have an inner diameter of between
0,4 cm and 5 cm (for Combustion Engineering types), in
particular about 1 cm. The length of the control rod guide
tubes 9 and/or the instrumentation guide tubes depend
on the length of the fuel assembly 1. For example, the
control rod guide tubes 9 and/or the instrumentation
guide tubes have a length of between 2m and 6m, in
particular between 3m and 5m. In an embodiment, the
control rod guide tubes 9 and/or the instrumentation
guide tubes hare made of a stainless steel or a Zirconium
alloy. Also, other suitable materials may be used.
[0050] The containers 38 have an external diameter,
which is smaller than the internal diameter of the control
rod guide tubes 9 and/or the instrumentation guide tubes.
For example, the external diameter of the containers 38
have an external diameter, which is 2mm smaller than
the internal diameter of the control rod guide tubes 9
and/or the instrumentation guide tubes. The smaller di-
ameter is required for thermal expansion or growth due
to irradiation. Thus, the containers 38 are able move free-
ly for extracting them out of the hollow rod.
[0051] The damping element 36 may have different
forms. For example, it may be mechanical damping ele-
ment damping element. The damping element is provid-
ed to reduce the damage of the containers 38, when
these fall into the control rod guide tubes 9 and/or the
instrumentation guide tubes. Further, the damping ele-
ment enable that the containers remain at their place and
reduces the vibration of the containers 38. According to
embodiments, the damping element 36 is not fixed to the
control rod guide tube or an instrumentation guide tube.
In other words, it could freely move within the hollow rod,
in particular the control rod guide tube or the instrumen-
tation guide tube. In an embodiment, which may be com-
bined with other embodiments disclosed herein, the
damping element can be attached to the lowest contain-
er. In some embodiments, which may be combined with
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other embodiments disclosed herein, one or more addi-
tional damping elements can be provided inside the guide
tubes 9 and/or instrumentation tube at the uppermost
end and/or in between the containers. For example, a
damping element may be provided between the contain-
er 38 closest to the finger 28 and the finger 28 of the flow
restrictor 20.
[0052] Fig. 5 shows schematically an embodiment of
a hollow rod 9a of a fuel assembly. The rod 9a may be
a control rod guide tube or an instrumentation guide tube.
[0053] The hollow rod 9a has an opening 40 at the
bottom 34a. Additionally or alternatively, the hollow rod
is perforated at its circumference 44a. The opening
and/or perforations enable a sufficient heat dissipation
and/or moderation (neutron physical reasons). The
number, size and position of the perforations and/or
openings depend on the required heat dissipation and/or
moderation. The size and or position of the opening is
selected such that the damping element and/or the con-
tainers cannot pass through the opening.
[0054] Figure 5 shows an embodiment of a damping
element 36a, which as an opening 42 extending there-
through. Thus, the fluid in the nuclear reactor can pass
into the rod 9a.
[0055] According to embodiments, the damping ele-
ment can be made out of stainless steel (e.g. as spring),
zirconium or an alloy of it. In some embodiments, other
materials may be used.
[0056] According to an embodiment the damping ele-
ment 36a is a spring, in particular a helical spring. In some
embodiments, the damping element 36a is a leaf spring
or a group of disc springs or Belleville washers.
[0057] In an embodiment, the opening 40 at the bottom
of the rod 9a and the opening 42 of the damping element
36a may be used for pushing the containers 38 out of
the rod 9. In particular, the opening 40 at the bottom of
the rod 9a and the opening 42 of the damping element
36a are aligned to each other in direction of the longitu-
dinal axis Z of the hollow rod 9.
[0058] Fig. 6 shows schematically another embodi-
ment of a hollow rod 9b of a fuel assembly. The hollow
rod 9b may be a control rod guide tube or an instrumen-
tation guide tube. In this embodiment, the bottom 34b is
closed. In some embodiments, the hollow rod 9b is per-
forated at its circumference 44b. The perforations enable
a sufficient heat dissipation and/or moderation (neutron
physical reasons). The number, size and position of the
perforations depend on the required heat dissipation
and/or moderation. At the bottom 34b of the rod 9b, the
damping element 36b is arranged. According to embod-
iments, the damping element can be made out of stain-
less steel (e.g. as spring), zirconium or an alloy of it. In
some embodiments, other suitable materials may be
used.
[0059] According to an embodiment the damping ele-
ment 36b is a spring, in particular a helical spring. In some
embodiments, the damping element 36a is a leaf spring
or a group of disc springs or Belleville washers.

[0060] In some embodiments, additional damping el-
ements are provided between the containers 38 and/or
between the closest container 38 to the finger and the
respective finger 28 of the flow restrictor 20. However,
the additional damping elements are not fixed to the flow
restrictor 20, in particular during operation of the nuclear
power plant. In other words, the additional damping ele-
ments could move freely within the control rod guide tube
or the instrumentation guide tube.
[0061] Figure 7 shows an example of a container 38.
In an embodiment, the container 38 has a cylindrical
shape, in particular a circular cylindrical shape. A circular
cylindrical shape is a cylinder, which has a circular cross-
section. The container 38 comprises in an embodiment
an outer tube 46 with two open ends 48, 50 at their axial
extremities. The open ends 48, 50 are closed respective-
ly with a cap 52, 54. In another embodiment, in case the
outer tube 46 is closed at one end, such that only one
end needs to be closed by a cap 52, 54.
[0062] For example, the outer tube 46 and the caps
52, 54 are made of metal stainless steel, zirconium or an
alloy of stainless steel and zirconium. Alternatively, other
suitable materials may be used. According to embodi-
ments, the caps 52, 54 are welded onto the tube 46.
[0063] The material to be activated 56 is provided with-
in the container 38.
[0064] The material to be activated 56 may have dif-
ferent shapes in order to optimize the radiation. The
shape may be selected in order to avoid an outwardly
radial extension and/or an extension in axial direction,
that means along the longitudinal axis Z, when the con-
tainer 38 is placed into a tube 9, 9a, 9b. For example,
the material to be activated 56 may be perforated, hollow,
star-shaped, etc. In case the material to be activated 56
extends strongly under radiation and/or heat or generate
gases, the material to be activated 56 may be hollow, in
particular to avoid the cracking of the container 38. Al-
ternatively or additionally, the material 56 to be activated
may be sintered. This enables that the material 56 to be
activated extends to its interior.
[0065] In some embodiments, the container 38 may in
addition to the material to be activated 56 contain filling
gazes, for example argon, krypton, helium or nitrogen.
[0066] According to some examples, the container 38
may include one or more springs, supporting tubes or
supports in order to fix the material to be activated 56.
[0067] In some embodiments, there may be a gap in
radial direction between the material to be activated 56
and the outer tube 46 of the container 38, in particular
the inner surface of the outer tube 46. Alternatively or
additionally they may be a gap in axial direction between
the material to be activated 56 an inner surface of the
container, for example the caps 52, 54.
[0068] The wall thickness of the outer tube 46 may be
chosen depending on the material to be activated 56 and
in particular depending to the thermal extension. In other
embodiments, the size of the container 38 in axial direc-
tion (i.e. in the direction of the longitudinal axis Z) de-

9 10 



EP 4 459 635 A2

7

5

10

15

20

25

30

35

40

45

50

55

pends on the relative thermal dilation of the material to
be activated 56 with respect to that of the container 38.
[0069] In other embodiments, the heat dissipation of
the material to be activated 56 has to be optimized in
order to avoid destruction of the material to be activated
56. For example by reducing the gap between the control
rod guide tubes 9 and/or the instrumentation guide tubes
and the outer surface of the tube 46 of the container 38,
by pressing the material to be activated 56 into the con-
tainer 38, by welding the material to be activated 56 into
the outer tube 46 of the container 38, or by filling a liquid
material to be activated 56 in to the container 38.
[0070] In the following an embodiment of a method ac-
cording to an embodiment will be explained in conjunc-
tion with Figure 8.
[0071] In step 1000 the damping element 36 is inserted
into the hollow rod, in particular into the control rod guide
tube 9 or the instrumentation tube. The damping element
36 can be inserted during the manufacturing of the fuel
assembly 1. In some embodiments, the damping element
36 is inserted directly before loading the hollow rod with
the containers 38, for example in the nuclear power plant.
The placement of the damping element shall be done a
by a gripping tool.
[0072] In step 1010 the containers 38 are charged into
the hollow rod 9, in particular the control rod guide tube
9 or the instrumentation tube. This is performed in an
example under the water, for example 4 to 5 meters under
the water surface. For example, a fuel assembly pool is
used for that purpose. Alternatively, the fuel assembly 1
is rotated, such that its longitudinal axis X extends in hor-
izontal direction and the containers 38 are pushed into
the hollow rod 9. For example, this is performed using a
gripper, a fill tube and/or a drum loader. The containers
38 are inserted one after the other into the hollow rod 9
formed by the control rod guide tube 9 and/or the instru-
mentation tube. In other words, the containers are filled
independently from each other into the hollow rod.
[0073] The different containers 38 or not connected to
each other. For example, the containers 38 are not
screwed or welded together. However, in some embod-
iments, one or more containers are grouped together.
For example, one or more containers, in particular two
or three containers, are connected to each other, for ex-
ample by screwing or clamping.
[0074] In some embodiments, which may be combined
with other embodiments disclosed herein an intermedi-
ate element may be placed between two adjacent con-
tainers and/or between the lowest container and the
damping element. In an example, the intermediate ele-
ment may include a damping element or form a damping
element.
[0075] According to embodiments, the containers 38
within the hollow rod 9, 9a, 9b may include a plurality of
intermediate elements being spaced apart from one an-
other by respectively a plurality of containers 38.
[0076] According to embodiments, which may be com-
bined with other embodiments disclosed herein, the in-

termediate elements may have an ratio between the
height in direction of the longitudinal axis Z and the di-
ameter in orthogonal direction to the longitudinal axis Z
of 1:1 to 10:1, in particular 2:1 to 6:1, for example 4:1. In
other words, the height of the intermediate elements is
equal or greater than their diameter.
[0077] According to embodiments, a flow restrictor 20
is then fixed to the fuel assembly, in particular to close
the hollow rod 9, in particular the control rod guide tube
9 or the instrumentation tube at their upper end 30. In an
embodiment, only the hollow rods filled with one or more
containers are closed by an arm of a flow restrictor.
[0078] Then the fuel assembly is loaded in step 1020
into the nuclear reactor vessel. Then, the reactor cycle
is started.
[0079] For example, the containers 38 remain during
the reactor cycle in the nuclear reactor vessel, typically
between 12 and 24 months. The radiation can be con-
trolled by the positioning of the containers 38, in particular
within the reactor core.
[0080] In step 1030, when the reactor cycle is finished,
the fuel assemblies 1 are removed from the nuclear re-
actor vessel and provided into the spent fuel pool. Alter-
natively, the fuel assemblies 1 are moved to another pool.
During the reactor cycle, the material to be activated 56
becomes the activated material 56.
[0081] Then, in step 1040, the containers 38 are dis-
charged from the hollow rod, in particular the control rod
guide tube 9 or the instrumentation tube. For example,
the fuel assembly 1 is turned upside down, such that the
containers fall out of the hollow rod 9 and the containers
38 are collected in a vessel. In other words the containers
38 are removed from the tube due to gravity.
[0082] In other embodiments, the containers 38 are
pushed out of the hollow rod 9, in particular the control
rod guide tube 9 and/or the instrumentation guide tube,
by a pushing member that extends through the opening
40 at the bottom 34, 34a of the hollow rod, in particular
the control rod guide tube 9 or the instrumentation tube,
and/or the opening 42 of the damping element.
[0083] In addition, in some embodiments, the damping
element 36 may slightly push upward the containers 38.
[0084] In some embodiments, which may be combined
with other embodiments disclosed herein, the containers
38 can be removed using a gripper. Embodiments of such
a gripper are shown and explained with respect to Figures
9 to 13.
[0085] Subsequently, after the containers have been
removed from the control rod guide tube 9 and/or the
instrumentation guide tube the activated material 56 is
removed from the containers in step 1050.
[0086] In order to remove the activated material 56
from the container 38 several procedure may be used.
This can only be done by destroying the container 38, in
particular when the container is submerged in water.
[0087] For example, in case the activated material 56
is not connected with the outer tube 46, one or both caps
52, 54 are cut away. Then, the activated material 56 is
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pushed out of the container 38 or the container 38 is
turned upside down to drop out the activated material 56.
[0088] In case the activated material 56 is connected
with the outer tube 46, one or both caps are cut away.
Then, the outer tube 46 is cut in an axial direction (i.e.
parallel to the longitudinal axis Z), and the activated ma-
terial 56 is pressed away from the outer tube 46. Alter-
natively, the outer tube 46 is completely removed by a
gripper. As another possibility, the activated material 56
is dissolved.
[0089] According to embodiments, in case Cobalt is
used as material to be activated, several kg of Co-59 as
material to be activated 56 can be inserted into a reactor
in order to produce Co-60. Further, a post irradiation
treatment in a hot cell can be avoided.
[0090] Fig. 9 shows a gripper 60 according to an em-
bodiment. The gripper of Figure 9 can be combined with
any other embodiment disclosed herein. The gripper 60
comprises a tube 62 with a distal end 64 and a proximal
end 66. The proximal end 66 is adapted to be connected
to a manipulator arm (not shown).
[0091] The distal end 64 is oblique with respect to a
plane P orthogonal to the longitudinal axis Y. For exam-
ple, the distal end forms a plane D, which has an angle
α of between 10 and 60 degrees with respect to the plane
P orthogonal to the longitudinal axis Y, in particular be-
tween 12 and 18 degrees. For example, the plane D has
an angle α of about 15 degrees with respect to the plane
P.
[0092] In operation, the longitudinal axis Y of the grip-
per or the tube 62 corresponds to the longitudinal axis Z
of the hollow rod, which is in parallel to the longitudinal
axis X of the fuel assembly 1.
[0093] The tube 62, in particular the interior of the tube
62, forms an accommodation space for the elements to
be grabbed, for example one or more containers 38
and/or intermediate elements.
[0094] The outer diameter of the tube 62 is smaller
than the inner diameter of the hollow rod 9, 9a, 9b. For
example, the outer diameter of the tube is at least 0,4
mm, for example 0,4mm to 1 mm, smaller than the inner
diameter of the hollow rod 9, 9a, 9b.
[0095] The inner diameter of the tube 62 is adapted to
the outer diameter of the damping element and/or to the
outer diameter of the intermediate elements 68. For ex-
ample, the inner diameter of the tube 62 forms a friction
fit with the intermediate elements 68 and/or the damping
element 82. Thus, the gripper attaches to the intermedi-
ate elements, in particular by the friction fit.
[0096] According to embodiments, which may be com-
bined with other embodiments disclosed herein, the in-
termediate elements 68 have a larger outer diameter than
the external diameter of the containers 38, in particular
in a plane orthogonal to the longitudinal direction Z.
[0097] The tube 62 is provided with a slit 70. The slit
extends in parallel to the longitudinal axis Y. The slit 70
has a width of between 0,1 mm and 3mm, in particular
1mm to 2mm, for example about 1,5mm. In embodi-

ments, which may be combined with other embodiments
disclosed herein, the slit 70 is rectilinear. The slit 70 is
connecting an interior of the tube 62 with an exterior of
the tube 62.
[0098] In an embodiment, the slit 70 extends from the
distal end 64 of the tube 62.
[0099] The slit 70 has a length, which depends on the
number of containers, which should be taken out of the
hollow rod with one move of the gripper. For example,
the slit 70 has a length of between 5mm to 200mm, in
particular between 20mm and 80mm, for example 40mm.
[0100] For example, in an embodiment the at least one
slit extends about at least 10 percent of the lengths of
the portion of the tube, which forms the accommodation
space for the elements to be grabbed. The elements to
be grabbed may be formed by one or more containers
38, the intermediate elements, a pedestal and/or the
damping element, which should be taken out of the hollow
rod with one move of the gripper.
[0101] The most furthest point at the distal end 64 in
distal direction forms a tip 72. In some embodiments, the
slit is 70 extends from the distal end at the opposite site
of the tip 72. The slit 70 extends from a position at distal
end that is the closest to the proximal end of the tube 62.
[0102] According to embodiments, the inner side of the
tube 62 at the distal end 64 has a conical shape, which
in particular extends outwardly towards the tip 72. This
enables a better gripping, in particular of at least one of
the elements to be grabbed.
[0103] The slit 70 enables a slight extension in diam-
eter of the tube and thus an increased friction between
the distal end 64 and at least one of the elements to be
grabbed.
[0104] Further, the gripper may optionally include a
pusher 74. The pusher 74 is arranged within the tube 62
and movable along the longitudinal axis Y of the gripper
or the tube 62. The pusher 74 is adapted to push the
containers 38, one or more intermediate elements 68,
pedestal and/or damping elements 36, 36a, 36b out of
the tube 62. In other words, the pusher is adapted to
release the elements grabbed by the gripper 60, by push-
ing them out of the distal end of the tube 62.
[0105] The intermediate elements 68 may also include
or form a damping element as described above.
[0106] Fig. 10 shows the operation of the gripper 60
according to Figure 9 in operation within a hollow rod 80.
The hollow rod 80 has a longitudinal axis with is parallel
to the longitudinal axis X of the fuel assembly 1. As it can
be seen, a pedestal 82 is arranged in the hollow rod 80.
As explained above, the pedestal may be a damping el-
ement, for example like the damping elements 36, 36a,
36b. The pedestal or damping element 82 is arranged at
the bottom 84 of the hollow rod 80. The hollow rod 80
has further an upper end 85. An upper end 86 of the
pedestal or damping element 82 has an outer diameter,
which is slightly larger than the inner diameter of the tube
62 as explained with respect to Figure 9, in particular in
order to form the friction fit with the tube 62. In that way,
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the gripper 60 attaches to the pedestal or damping ele-
ment 82.
[0107] On the top of the pedestal or damping element
82, there is arranged a first intermediate element 68a. In
some embodiments, the pedestal 82 and the intermedi-
ate element 68a form together the damping element 36,
36a, 36b. A plurality of containers 38 forming a group
88a of containers are placed onto the top of the interme-
diate element 68a. Then, a second intermediate element
68b is placed on the top of the plurality of containers 38,
and then a further group 88b of containers 38 follows.
The intermediate elements 68a, 68b are spaced apart
from one another by the first plurality 88a of containers
38. In Figure 10 three containers 38 are shown as a group
88a, 88b of containers, however, the groups 88a, 88b of
containers may include less or even more containers 38,
for example 2, 4, 5, 6 or more containers. The containers
of each group of containers may be tightly connected to
each other, as described above, or they may be inde-
pendent from each other, i.e. not connected to each oth-
er. In such a case, they can move independently from
each other.
[0108] The gripper 60 is inserted into the hollow rod 80
from the upper end 85 of the hollow rod 80 until the distal
end 64 of the tube 62 of the gripper 60 hits the second
intermediate element 68b and is connected to that inter-
mediate element 68b with a friction fit. Then, the gripper
60 can move out of the hollow rod 80 and discharge, in
particular at a suitable location, the intermediate element
68a and the containers 38 arranged on the top of the
intermediate element 68a by moving the pusher 74 to-
wards the distal end 64.
[0109] According to embodiments, when the gripper is
inserted in the hollow rod 80, in particular when the grip-
per hits one of the element to be grabbed, in particular
the lowest one of the elements to be grabbed, for example
an intermediate element, the gripper is rotated about its
longitudinal axis Y, until the gripper 60, in particular the
distal end 64 of the gripper 60, surrounds the element to
be grabbed, in particular intermediate element 68. Then,
the friction force holds the intermediate elements from
all sides.
[0110] In some embodiments, the wall thickness of
tube 62 is in the range between the diameter of the hollow
rod 80 minus the outer diameter of the intermediate ele-
ment 68.
[0111] According to embodiments, which may be com-
bined with other embodiments disclosed herein, the one
or more intermediate elements 68, 68a, 68b are not fixed
to the containers 38, damping elements 82 and/or ped-
estals 82. In other words, the one or more intermediate
elements 68, 68a, 68b can be moved independently from
the containers, damping elements and/or pedestals into
and out of the hollow rod 80.
[0112] As the outer diameter of the intermediate ele-
ments 68, 68a, 68b is larger than the external diameter
of the containers 38, the containers are not damaged,
when they are pulled out of the hollow rod 80 with the

gripper 60. Further, the containers 38 may be highly con-
taminated so that a contamination of the gripper 60 is
reduced.
[0113] Fig. 11 a to 11h shows an operation of discharg-
ing a hollow rod 80.
[0114] The same elements are designated with the
same reference signs as in Figure 10. As it can be seen
from Figure 11a, the hollow rod 80 includes the pedestal
or damping element 82, five of intermediate elements
68a to 68e, four groups 88a, 88b, 88c, 88d of containers
38, a top damping element 90 and a finger 92 of a flow
restrictor, for example the flow restrictor 20 as described
above.
[0115] Each group 88a-d of containers 38 comprises
four containers. As described above, each group of con-
tainers may include more or less containers, for example
2, 3, 5, 6 or more containers. The containers 38 of each
group 88a-d of containers may be tightly connected to
each other, as described above, or they may be inde-
pendent from each other, i.e. not connected to each oth-
er. The intermediate elements 68a-68e are spaced apart
from one another by respectively a group 88a-d of con-
tainers 38. Further, there is placed an intermediate ele-
ment 68a on the top of the pedestal 82 or damping ele-
ment 82. There is placed optionally an intermediate ele-
ment 68e on the top of the uppermost container 38. On
the uppermost intermediate element 68e the top damping
element 90 is arranged. Then, the hollow rod 80 is closed
by the finger 92. The uppermost container 38 is the con-
tainer closest to the finger 92. The uppermost interme-
diate element 68e is the intermediate element 68e clos-
est to the finger 92. When discharging the containers
using a gripper 60, in a first step, the finger 92 is removed,
for example by removing the flow restrictor 20.
[0116] Then, see Figure 11b, the gripper 60 is inserted
into the hollow rod 80 until it hits on the first intermediate
element 68e. The distal end 64 of the tube 62 of the grip-
per 60 is then connected to the intermediate element 68e
with a friction fit.
[0117] Subsequently, the gripper 60 is pulled out of the
hollow rod 80. In an embodiment, the gripper 60 is then
moved by a manipulator to a suitable location, where the
intermediate element 68e and the top damping element
should be discharged.
[0118] Then the intermediate element 68e and the top
damping element 90 are discharged by moving the push-
er 74 towards the distal end 64.
[0119] In a further step, see Figure 11c, the gripper 60
is again inserted into the hollow rod 80 until it hits on the
intermediate element 68d. The distal end 64 of the tube
62 of the gripper 60 is then connected to the intermediate
element 68d with a friction fit. The group 88d of containers
is then arranged within the tube 62 of the gripper 60.
[0120] Subsequently, the gripper 60 is pulled out of the
hollow rod 80. In an embodiment, the gripper 60 is then
moved by a manipulator to a suitable location, where the
intermediate element 68d and the group 88d of contain-
ers should be discharged.
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[0121] Then the intermediate element 68d and the con-
tainers 38 of the group 88d are discharged by moving
the pusher 74 towards the distal end 64.
[0122] In the next step, see Figure 11d, the intermedi-
ate element 68c and the group 88c of containers 38 is
removed from the hollow rod 80 in the same manner as
the previous group 88d of containers with the intermedi-
ate element 68d.
[0123] As it can be seen from Figure 11e, the group
88b of containers 38 and the intermediate element 88b
is accessible for the gripper 60. Then the group 88b of
containers 38 and the intermediate element 88b is pulled
out by the gripper 60.
[0124] In a subsequent step, see Figure 11f, the inter-
mediate element 68a and the group 88a of containers 38
is removed from the hollow rod 80 in the same manner
as the previous groups 88b, 88c, 88d of containers and
the intermediate elements 68b, 68c, 68d.
[0125] Finally, as it can be seen from Figures 11g and
11h, the gripper 60 is again inserted into the hollow rod
80 until it hits on the pedestal 82, which may form a damp-
ing element. The distal end 64 of the tube 62 of the gripper
60 is then connected to the upper end 86 of the pedestal
82 with a friction fit. The upper end 86 is the portion of
the pedestal being the closest to the container 38.
[0126] Subsequently, the gripper 60 is pulled out of the
hollow rod 80. In an embodiment, the gripper 60 is then
moved by a manipulator to a suitable location, where the
pedestal 82 should be discharged.
[0127] Then the pedestal 82 is discharged by moving
the pusher 74 towards the distal end 64.
[0128] It should be noted that the discharge of the con-
tainers with the gripper 60 can be performed when the
longitudinal axis of the fuel assembly is vertical or hori-
zontal.
[0129] Figure 12a and 12b show another embodiment
of a tube 120 or sleeve of gripper. Figure 12a is a longi-
tudinal cross sectional view and Figure 12b is a side view.
The tube 120 has a proximal end 122 at which the tube
is connected to a manipulator and a distal end 124. For
that purpose, the proximal end 122 may be provided with
connecting elements. Between the proximal end 122 and
the distal end 124 extends an intermediate portion 126
having a substantial constant internal and external diam-
eter. The intermediate portion 126 has a substantial cy-
lindrical shape. According to embodiments, the outer di-
ameter of the intermediate portion 126 and the distal end
124 is substantially constant.
[0130] The tube 120, in particular the interior of the
tube 120 of the intermediate portion 126, forms an ac-
commodation space for the elements to be grabbed, for
example one or more containers 38 and/or intermediate
elements.
[0131] According to embodiments, which may be com-
bined with other embodiments disclosed herein, the wall
thickness of the tube 120 tapers at the distal end 124
towards its distal extremity. In other words, the inner side
of the tube 62 at the distal end 64 has a conical shape,

which in particular extends outwardly towards the tip, i.e.
the most furthest point at the distal end 124 in distal di-
rection.
[0132] For example, the tapering may have an angle
with respect to the longitudinal axis Y of between 1 de-
grees and 3 degrees, for example about 2 degrees. The
length of the tapering or the cone in direction of the lon-
gitudinal axis Y, in particular from the tip, is at least 2mm
to 100mm, for example between 10mm and 20mm, in
particular about 15mm.
[0133] The distal end 124 has an opening area 128,
which is oblique with respect to a plane P orthogonal to
the longitudinal axis Y. For example, the opening area
128 at the distal end 124 forms a plane D, which has an
angle α of between 10 and 20 degrees with respect to
the plane P orthogonal to the longitudinal axis Y, in par-
ticular between 12 and 18 degrees. For example, the
plane D has an angle α of about 15 degrees with respect
to the plane P. In operation, the longitudinal axis Y of the
gripper or the tube 120 corresponds to the longitudinal
axis Z of the hollow rod, which is in parallel to the longi-
tudinal axis X of the fuel assembly 1.
[0134] The tube is further provided with a slit 130. The
slit 130 extends in parallel to the longitudinal axis Y. The
slit 130 has a width of between 1mm and 3mm, for ex-
ample about 2mm. In some embodiments, the slit 130
has a width of between 0,1mm and 3mm, in particular
1mm to 2mm, for example about 1,5mm.
[0135] In embodiments, which may be combined with
other embodiments disclosed herein, the slit 130 is rec-
tilinear. The slit 130 is connecting an interior of the tube
120 with an exterior of the tube 120.
[0136] In an embodiment, which may be combined with
other embodiments disclosed herein, the slit 130 extends
from the distal end 124 of the tube 120. For example, the
slits extends from the opening area 128 at the distal end.
[0137] For example, the slit 130 extends from a posi-
tion at the opening area 128 that is the closest to the
proximal end 122 of the tube 120.
[0138] The slit 130 has a length, which depends on the
number of containers, which should be taken out of the
hollow rod with one move of the gripper. For example,
the slit 128 has a length of between 0,5cm to 20cm, in
particular between 20mm and 80mm, for example be-
tween 3cm and 4cm, for example about 40mm.
[0139] The tube 120 is hollow, so that a pusher (not
shown) may be moved therein by a respective actuator
in the manipulator.
[0140] The opening area 114, 128 enables that a cy-
lindrical device, for example one or more containers 38
and/or the intermediate elements 68, 68a, 68b, 68c, 68d,
68e having substantially the same external diameter as
the internal diameter of the tube 120 may enter the tube
62, 120 in direction of the longitudinal axis Y.
[0141] According to embodiments, which may be com-
bined with other embodiments disclosed herein, the
tubes 62, 120 of the gripper and the pusher 74 may be
made from stainless steel, zirconium, a zirconium alloy
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or a combination thereof.
[0142] Such a gripper including one of the tubes 62,
120 may carry about 3 Kg.
[0143] The present disclosure may also relate to the
following embodiments:

Embodiment 1: Fuel assembly (1) for a nuclear pow-
er plant, the fuel assembly (1) comprising at least
one hollow rod (9, 9a,9b, 80), the hollow rod being
a control rod guide tube (9) of the fuel assembly (1)
for the control rod assembly or an instrumentation
tube, each hollow rod (9, 9a,9b, 80) is adapted to be
filled with one or more containers (38) filled with ma-
terial to be activated, characterized in that the fuel
assembly further comprises a damping element (36,
36a, 36b, 82) at the lower end (32) of the hollow rod
(9, 9a,9b, 80).
Embodiment 2: Fuel assembly according to embod-
iment 1, wherein the hollow rod (9, 9a,9b, 80) is
closed by a finger (28) of a flow restrictor (20) at a
top end (30) of the hollow rod (9, 9a,9b,80).
Embodiment 3: Fuel assembly according to any one
of the previous embodiments, wherein the damping
element (36, 36a, 36b, 82) is adjacent to a bottom
(34, 34a, 34b) of the hollow rod (9, 9a,9b, 80).
Embodiment 4: Fuel assembly according to any one
of the previous embodiments, wherein one or more
second damping elements are provided, in particular
at the top of the one or more containers and/or be-
tween two adjacent containers.
Embodiment 5: Fuel assembly according to any one
of the previous embodiments, wherein the damping
element (36, 36a, 36b, 82) is a mechanical damping
element, in particular a helical spring, a leaf spring
and/or a group of disc springs.
Embodiment 6: Fuel assembly according to any one
of the previous embodiments, wherein the damping
element (36, 36a, 36b, 82) is hollow, wherein, in par-
ticular, the damping element (36a) has an opening
(42) extending along the longitudinal axis (Z) of the
hollow rod (9, 9a,9b, 80).
Embodiment 7: Fuel assembly according to any one
of the previous embodiments, wherein the hollow rod
(9, 9a) has an opening (40) at its bottom (34, 34a),
wherein in particular the opening (40) of the bottom
(34, 34) of the hollow rod (9, 9a) is aligned with the
opening (42) of the damping element (36, 36a).
Embodiment 8: Fuel assembly according to any one
of the previous embodiments, further comprising the
one or more containers (38) with the material to be
activated, wherein a gap is provided between the
material to be activated (56) and the inner surface
of the container (38).
Embodiment 9: Fuel assembly according to embod-
iment 8, wherein the material to be activated (56)
has a hollow body.
Embodiment 10: Fuel assembly according to any
one of the previous embodiments 8 or 9, wherein the

material to be activated (56) is sintered, casted
and/or alloyed.
Embodiment 11: Fuel assembly according to any
one of the previous embodiments 8 to 10, wherein
the outer shape of the material to be activated (56)
has a star-shape in a plane orthogonal to the longi-
tudinal axis (Z) of the container.
Embodiment 12: Fuel assembly according to any
one of the previous embodiments, wherein the ma-
terial to be activated (56) is Cobalt, Strontium-90,
and/or Iodine.
Embodiment 13: Fuel assembly according to any
one of the preceding embodiments 8 to 12, further
comprising at least one intermediate element (68,
68a-d), the intermediate element (68, 68a-d) having
an outer diameter being greater or smaller than the
diameter of the one or more containers (38), wherein
the at least one intermediate element (68, 68a-d) is
arranged between two adjacent containers (38)
and/or wherein at least one intermediate element
(68, 68a) is arrangement between the damping ele-
ment and the closest container (38) towards the
damping element (36, 82).
Embodiment 14: Fuel assembly according to em-
bodiment 13, wherein the fuel assembly comprises
at least two groups of containers, wherein at least
one group of containers is arranged between two
intermediate elements (68, 68a-d), wherein each
group (88a-d) of containers (38) comprises a plurality
of containers.
Embodiment 15: Fuel assembly according to any
one of the preceding embodiments 8 to 13, wherein
the damping element (36, 36a, 36b), in particular an
upper end (86) of the damping element (36, 36a,
36b, 82), has an outer diameter being greater than
the external diameter of the one or more containers
(38).
Embodiment 16: Fuel assembly according to one of
the preceding embodiments, wherein the hollow rod
(9, 9a, 9b, 80) is perforated at its circumference (44a,
44b).
Embodiment 17: Method for activating a material to
be activated (56) in a nuclear reactor, comprising the
following steps

- providing a fuel assembly (1) for a nuclear power
plant, the fuel assembly (1) comprising at least
one hollow rod (9, 9a,9b, 80), the hollow rod be-
ing a control rod guide tube (9, 9a,9b, 80) of the
fuel assembly (1) for the control rod assembly
or an instrumentation tube;

- providing a plurality of containers (38) with ma-
terial to be activated (56);

- inserting (1000) one or more damping elements
into the hollow rod (9, 9a,9b, 80);

- inserting (1010) one or more containers (38) with
material to be activated (56) into the hollow rod
(9, 9a, 9b, 80);
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- closing the hollow rod (9, 9a, 9b) at its upper end
(30);

- loading (1020) the fuel assembly (1) into a nu-
clear reactor vessel; and

- operating the nuclear reactor for a predeter-
mined time.

Embodiment 18: Method for activating a material to
be activated (56) according to embodiment 17,
wherein the containers (38) are filled into the hollow
rod one after the other independently from each oth-
er.
Embodiment 19: Method according to embodiment
17 or 18, further comprising inserting into the hollow
rod (9, 9a, 9b, 80) at least one intermediate element
(68, 68a-d), the intermediate element (68, 68a-d)
having an outer diameter being greater or smaller
than the diameter of the one or more containers (38),
wherein the at least one intermediate element (68,
68b-d) is inserted between two containers (38)
and/or wherein at least one intermediate element
(68, 68a) is inserted before the first container (38).
Embodiment 20: Method according to embodiment
19, wherein between two intermediate elements (68,
68a-d) a plurality of containers are inserted into the
hollow rod (9, 9a, 9b, 80).
Embodiment 21: Method for activating a material to
be activated (56) according to one of the embodi-
ments 17 or 20, further comprising:

removing (1030) the fuel assembles from the
nuclear reactor vessel; and
discharging (1040) the containers from the hol-
low rod (9, 9a,9b, 80) by pushing the containers
(38) out of the hollow rod (9, 9a,9b, 80), turning
the fuel assembly (1) upside down, and/or by
using a gripper, wherein, in particular, the grip-
per attaches to one of the intermediate elements
and/or the damping element in order to pull out
of the hollow rod (9; 9a; 9b,80) the containers
(36) arranged above the intermediate element
or damping element to which the gripper is at-
tached.

Embodiment 22: Method according to embodiment
21, wherein the gripper attaches to the intermediate
elements (68, 68a-d) by a friction fit, wherein, in par-
ticular, when the gripper is inserted in the hollow rod
(9, 9a,9b, 80) the gripper (60) is rotated about its
longitudinal axis Y.
Embodiment 23: Gripper for pulling out one or more
elements out of a hollow rod of a fuel assembly (1),
the gripper comprising:
a tube (62, 120) with a distal end (64, 124) and a
proximal end (66, 122), wherein the proximal end
(66, 122) is adapted to be connected to a manipulator
arm, wherein the distal end (64, 124) comprises an
opening area (128) forming a plane (D) being oblique

with respect to a plane (P) orthogonal to the longitu-
dinal axis (Y) of the tube (62, 120), wherein the tube
(62, 120) is further provided with at least one recti-
linear slit extending in longitudinal direction of the
tube (62, 120).
Embodiment 24: Gripper according to claim 23, fur-
ther comprising a pusher (74), the pusher being ar-
ranged within the tube (62) and movable along the
longitudinal axis (Y) of the tube (62), wherein the
pusher is adapted to release the elements by push-
ing them out of the distal end of the tube (62, 120) .
Embodiment 25: Gripper according to one of the pre-
ceding embodiments 23 to 24, wherein the at least
one slit (70, 130) extends from the opening area
(128), in particular from a position at the opening
area (128) that is the closest to the proximal end
(122) of the tube (120).
Embodiment 26: Gripper according to one of the pre-
ceding embodiments 23 to 25, wherein the slit has
a length of between 5mm to 200mm, in particular
between 20mm and 80mm, for example about
40mm.
Embodiment 27: Gripper according to one of the pre-
ceding embodiments 23 to 26, wherein the opening
area (128) at the distal end (124) forming the plane
(D) has an angle α of between 10 and 60 degrees
with respect to the plane (P) orthogonal to the lon-
gitudinal axis (Y) of the tube, in particular between
12 and 18 degrees.
Embodiment 28: Method for pulling out one or more
elements out of a hollow rod of a fuel assembly with
a gripper according to one of the embodiments 23
to 27, the method comprising:

inserting the gripper into the hollow rod compris-
ing the one or more elements;
rotating the gripper about its longitudinal axis
(Y), in particular when the gripper hits one of the
one or more elements; and
pulling the gripper out of the hollow rod.

Embodiment 29: Method for pulling out one or more
elements according to embodiment 28, wherein the
gripper is rotated about its longitudinal axis Y, in par-
ticular when the gripper hits the lowest one of the
one or more elements.
Embodiment 30: Method for pulling out one or more
elements according to embodiment 28, further com-
prising pushing the one or more elements out of the
gripper by a pusher being arranged within the tube
of the gripper.

List of reference signs

[0144]

1 fuel assembly
3 bottom end piece
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5

10

15

20

25

30

35

40

45

50

55

5 top end piece
7 fuel rod
9 control rod guide tubes
9a, 9b rod of a fuel assembly
20 flow restrictor
22 coupling piece
24 plate
26 arm
28 fingers
30 upper end
32 lower end
34, 34a, 34b bottom
36, 36a, 36b damping element
38 container
40 opening
42 opening
44a, 44b circumference
46 outer tube
48,50 end
52, 54 cap
56 material to be activated
60 gripper
62 tube
64 distal end
66 proximal end
68, 68a, 68b, 68c, 68d, 68e intermediate elements
70 slit
72 tip
74 pusher
80 hollow rod
82 pedestal or damping element
84 bottom of hollow rod
85 upper end
86 upper end
88a, 88b, 88c, 88d group of containers
90 top damping element
92 finger
120 tube
122 proximal end
124 distal end
126 intermediate portion
128 opening area
130 slit
X Longitudinal axis of fuel assembly
Z Longitudinal axis of hollow rod
Y Longitudinal axis of gripper

Claims

1. Gripper for pulling out one or more elements out of
a hollow rod of a fuel assembly (1), the gripper com-
prising:
a tube (62, 120) with a distal end (64, 124) and a
proximal end (66, 122), wherein the proximal end
(66, 122) is adapted to be connected to a manipulator
arm, wherein the distal end (64, 124) comprises an
opening area (128) forming a plane (D) being oblique

with respect to a plane (P) orthogonal to the longitu-
dinal axis (Y) of the tube (62, 120), wherein the open-
ing area enables that a cylindrical device may enter
the tube (62, 120) in direction of the longitudinal axis
(Y), wherein the tube (62, 120) is further provided
with at least one rectilinear slit extending in longitu-
dinal direction of the tube (62, 120).

2. Gripper according to claim 1, further comprising a
pusher (74), the pusher being arranged within the
tube (62) and movable along the longitudinal axis
(Y) of the tube (62), wherein the pusher is adapted
to release the elements by pushing them out of the
distal end of the tube (62, 120) .

3. Gripper according to one of the preceding claims 1
to 2, wherein the at least one slit (70, 130) extends
from the opening area (128), in particular from a po-
sition at the opening area (128) that is the closest to
the proximal end (122) of the tube (120).

4. Gripper according to one of the preceding claims 1
to 3, wherein the slit has a length of between 5mm
to 200mm, in particular between 20mm and 80mm,
for example about 40mm.

5. Gripper according to one of the preceding claims 1
to 4, wherein the opening area (128) at the distal end
(124) forming the plane (D) has an angle α of be-
tween 10 and 60 degrees with respect to the plane
(P) orthogonal to the longitudinal axis (Y) of the tube,
in particular between 12 and 18 degrees.

6. Method for pulling out one or more elements out of
a hollow rod of a fuel assembly with a gripper ac-
cording to one of the claims 1 to 5, the method com-
prising:

inserting the gripper into the hollow rod compris-
ing the one or more elements;
rotating the gripper about its longitudinal axis
(Y), in particular when the gripper hits one of the
one or more elements; and
pulling the gripper out of the hollow rod.

7. Method for pulling out one or more elements accord-
ing to claim 6, wherein the gripper is rotated about
its longitudinal axis Y, in particular when the gripper
hits the lowest one of the one or more elements.

8. Method for pulling out one or more elements accord-
ing to claim 6, further comprising pushing the one or
more elements out of the gripper by a pusher being
arranged within the tube of the gripper.
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